Introduction
Asparagaceae is a family of flowering plants containing 143 plant genera and 3632 species. The genus Ornithogalum L. is in the family Asparagaceae in the major group Angiosperms. Ornithogalum L. is a perennial plant and is widely distributed in Europe, Asia, Africa and Madagascar. The genus Ornithogalum in tribe Ornithogaleae (Caurel) J.C. Manning Ornithogalum species is used for ornamental or medicinal plant and can also be consumed as vegetable (Kamanestsky and Okubo, 2012) . There are a number of studies on the taxonomy, cytology, ecology, seed micromorphology (Goldblatt and Ornithogalum species in Turkey have distribution from 0 to 2600 m and in the Mediterrenean, Euro Siberian and Iranian Turan phytogeographical region.
To the best of knowledge, there is no study on the natural populations of Ornithogalum with the physical and chemical characteristic concentrations of the soils convenient.
Soil is a key environmental factor for wild plant populations since plant development depends largely on the nutrients of soil. Therefore, soil analyses of wild plant populations may be the means for understanding soil and its possible correlations with plants ( Li and Mazza, 1999; Roca-Perez et al., 2004) . Several studies showed that microelement contents in plants were affected by not only soil microelement concentrations but also the differences in chemical properties (i.e. pH and carbonate content) of the soil (Brun et Soil is known to have a significant impact on plants. Knowledge of the physical and chemical properties of soil helps to keep and grow plants effectively, and the use of the type of soil required for a plant will be essential for its faster cultivation and development (Reed, 2011) .
The main aim of our study was aimed to determine the interactions between soil and plant properties in different Ornithogalum species growing in the West Mediterranean Region of Turkey, in order to provide information to the future cultivation studies in Ornithogalum species.
Materials and methods
The study was conducted in 32 Figure 1 . 
At every site, four 1000-g soil samples were collected at three randomly selected points from an area of 25 m 2 , placed in clear plastic bags (35 × 25 cm) , sealed with a rubber band, and brought to the laboratory. Then, the air-dried soil samples were prepared for the analyses by sifting them through a 2-mm mesh sieve. The analyses were conducted in the soil analysis laboratory of the Batı Akdeniz Agricultural Research Institute (BATEM). The pH (potential of hydrogen-soil reaction) and EC (The Electrical Conductivity) values of the soils were analyzed in a 1:2.5 soil and water mixture, as recommended by Jackson (1967 (Kacar, 2009 ). The texture of soil was tested with the hydrometer method by Bouyoucos (1951) , and the available K, Ca and Mg were found by using 1 N ammonium acetate extraction suggested by Kacar (2009) . All the collected data were subjected to the analysis of variance, and the mean values were compared using Duncan's multiple range tests at the 0.05 level (Gomez and Gomez, 1984) . In the study, morphological characters of the plants such as flowering time (day), length of flower stems (mm/plant), bulb diameter (number/plant) and the number of flowers (number) were determined according to Martinez-Azorin et al. (2007) . Taxonomic description was made according to Davis (1988) . Morphologic characters of the five plants belong to each species were measured in natural habitats when the soil samples were collected. All the measurements were done by a compass and analytical balance.
The number of the soil samples varied from 2 to 6, because the number of location was limited for some species. The number of the soil sample was collected according to the number of location.
Results
Thirty-two soil samples were collected from different geographical sites distributed throughout the West Mediterranean, Antalya between March and June in 2012. Table 1 presents the soil numbers, localities, habitats, and altitudes, while Table 2 provides some properties of the soils (texture, pH, EC, CaCO3, organic matter, potassium, phosphorus, calcium and magnesium). The soil analyses results are also shown in graphs (Fig. 3a-h ). Some evaluations and interpretations of the soil analysis results are provided in detail below. Figure 3 .
a pH values, b EC values, c CaCO3 contents, d organic matter contents, e phosporus contents, f potassium contents, g calcium contents, h magnesium contents
The results indicated that there were no significant differences in pH, EC (µmhos/cm), organic matter (%), phosphorus (mg kg -1 ) or magnesium (mg kg -1 ) values among the statistical averages of the soil samples (P > 0.05). Nevertheless, there were significant differences in the CaCO3 (%), potassium (mg kg -1 ), and calcium (mg kg -1 ) values (P < 0.001) ( Table 4) . Regarding the soil texture, the species generally grew in the mediumtextured types of soil. The soil samplesof the species were classified as 'loam', 'sandy loam', and 'silty loam' ( Table 2) . However, Soil Samples 28 (C3: Mt. Tahtalı, Tekirova, Antalya) and 32 (C3: The Ormana Village, İbradı, Antalya) were in the 'sandy clay' soil class. Furthermore, there were no differences in salinity among the values of the statistical test results. All soil samples were classified as 'non-saline' and 'very slightly saline'. An aggregation was present among the soils in terms of salinity. The EC values of the soil samples in the present study were low and varied between 71 and 741 µmhos cm -1 , while the highest EC value (741 µmhos cm Table 4) . According to the average CaCO3 values, the soils belonging to O. pamphylicum were regarded as excess but the soils belonging to O. narbonense as low. In addition, the averages of the other species were in the 'medium' and 'very high' soil classes ( Table 5 ). The species grew in soils mostly with high organic matter. There was no significant difference in organic matter among the soils of the species (P > 0.05). However, the evaluation of the organic matter contents showed that the soils of O. oligophllum and O. orthophyllum contained high organic matter. Additionally, the soils of the other species had low to high organic matter contents (Table 4) , and there were great variations among the organic matter contents (1.2 and 13.3%) of the soil samples studied ( Table 2 ) and high in most of the soil samples ( Table 4 ). In addition, both the highest (C3: Mt. Termessos, Antalya) and the lowest (C3: The Serinyaka Village, Gündoğmuş, Antalya) phosphorus values were found in O. armeniacum and the phosphorus values showed great variations (Tables 1 and 2) . The Ornithogalum species grew in soils with high concentrations of potassium. According to the statistical tests, there was a significant difference in potassium among the species (P < 0.05). According to the values, the species were included in various classes. For instance, potassium was medium and low in the soils of O. pamphylicum and O. chetikianum, whereas the soils of O. lanceolatum (657.5 mg kg -1 ) had the highest potassium values (Tables 3 and 4) . The Ornithogalum species grew in soils with high concentrations of calcium. As the statistical tests showed, a significant difference in calcium was present among the species (P < 0.05). In terms of calcium, the soils of O. montanum (6552 mg kg ) had a medium concentration of calcium ( Table 4) . The Ornithogalum species grew in soils with high concentrations of magnesium. There was no significant difference in magnesium among the species according to the statistical tests (P > 0.05). As a result of the evaluation of the averages, magnesium was found high in most of the species (Table 5) . Moreover, the highest and the lowest averages of magnesium were determined in O. pyrenaicum (746.8 mg kg -1 ) and O. umbellatum (300.5 mg kg -1 ), respectively ( Table 4) .
Discussion
As a result, physical and chemical properties of the soil of natural Ornithogalum species have been determined, and the relationship between the plant and soil was evaluated in the present study. It is thought that the results will provide significant contributions to the cultivation studies regarding of Ornithogalum in its natural habitat.
The soil samples of the Ornithogalum species were mostly medium-textured (classified as 'loam' and 'sandy loam). Their salt contents were very low (non-saline); they were generally slightly alkaline; and their CaCO3 values ranged from low to excess. The organic matter contents showed great variability in the types of locality and varied http://www.aloki.hu • between the 'low' and 'high' classes. Additionally, the P, K, Ca and Mg concentrations of the soil samples were generally high. Soil texture affects many physical properties of soil such as the water-holding capacity, and the water infiltration rates. Sandy soils generally have high infiltration rates but poor water-holding capacity. All soil samples in the study were medium-textured; therefore, they had poor water infiltration rates and poor water-holding capacity. Soil texture influences the inherent fertility of soil as well. More nutrients can be absorbed by a gram of clay particles than by a gram of sand or silt particles, for the clay particles provide a much greater surface area for adsorption. Soil Samples 23, 24, 28, 30 and 32 had high Ca concentrations (8190, 7878, 8195, 7880, and 5880). According to Havlin et al. (2013) , the pH values of soil samples are slightly alkaline. The level of acidity or alkalinity in a soil affects the availability of soil nutrients and the activity of soil micro-organisms and can affect the level of exchangeable nutrients. Soil Sample 9 had a lower pH value. pH affects the availability of nutrients to plants and can therefore be used to determine the production potential of the soil. pH preferences by plants can vary, though for most plants the desirable pH range is 6.0-6.5. At this level, microbial growth was also at the maximum level.
According to Dellavalle (1992) , the EC levels become non-saline in the soil samples. Soil Sample 9 with a lower pH value had the highest EC level. Soil salinity affects a plant's uptake of water and nutrients and limits plant growth. The salt contents of all soil samples analyzed were low; thus, it was hard to evaluate the Ornithogalum species in terms of resistance to salt. The resistance of plants to calcium carbonate (CaCO3) is one of the parameters which limit expansion and cultivation of natural plant species. Differences in the CaCO3 contents of the soils where the Ornithogalum species were grown were found among the varieties. Phosphorus is essential in photosynthesis, and it is involved in energy transfer. It improves root development and rapid growth; encourages blooming; and increases resistance to diseases. An excess amount of phosphorus does not damage plants. Phosphorus also improves microbial activity in the soil. All soil samples had a high P value. Khan et al. (2016) showed that phosphorus significantly affected bulb volume and number of bulblets per plant, except the number of bulbs per plant in Polianthes tuberosa. Moreover, high phosphorus supply increased tuber biomass; however, it decreased the number of flowers per plant in Zantedeschia (Scagel and Schreiner, 2006 by the fact that phosphorus is extremely important as a structural element of many components, particularly nucleic acids and phospholipids. Potassium plays a vital role in the physiological and biochemical functions of plants. It is absorbed in large amounts by plants. Moreover, it is used to build proteins; increases resistance to diseases by strengthening stalks and stems; increases the cuticle (waxy layer) to prevent water loss; helps prevent wilting; and enhances fruit size and development. According to Olsen and Sommers (1982) , the potassium levels in the soil are adequate for the plant. According to Claassens (1990) , the potassium requirements of Ornithogalum are low and the highest potassium levels do not significantly reduce the yield, but low potassium levels may reduce the probability of inconsistent yields. Bulbs of O. lanceolatum have a bigger size than the other species's bulbs. In our study, the highest phosphorus and potassium contents were obtained from the soils of the O. lanceolatum.
Calcium, which is an essential part of the plant cell wall structure, provides for normal transport and retention of other elements as well as strength in the plant. It is also considered to counteract the effect of alkali salts and organic acids within a plant. Ghoname et al. (2007) reported that calcium treatment to the plant from the soil significantly affected the plant length, fresh and dry weight however, in the vegetative stage, there was no significant effect on the diameter of the bulb. According to the results, O. pyrenaicum, O. narborense, O. montanum, species had the maximum flower stem lengths. Calcium contents of these species were also found to be high.
Magnesium is part of the chlorophyll in all green plants and essential for photosynthesis. It also helps activate many plant enzymes needed for growth. Gerandas and Fuhrs (2013) reported that the degradation of anthocyanins at high temperature decreased by Mg applications in ornamental plants. Anthocyanins are important constituents for specific colouration to flowers in ornamentals. Ornithogalum species are white in color. In this study, there was no significant difference between the Ornithogalum species and Mg contents.
Conclusions
The bulbs of O. nutans species are collected from the natural habitat and exported for ornamental and medicinal purposes in Turkey. In some cases, harvesting from nature is illegal for the species; nevertheless, the populations are in decline and are not cultivated. Therefore, cultivation and breeding studies are urgently needed. Natural distribution area should be taken into consideration when Ornithogalum sp. is cultivated. Understanding the relationship between certain soil properties and plant relation for Ornithogalum species, which have an economic value, can act as a guide for florists and botanists for a particular purpose.
